Oxidative stress, specifically lipid peroxidation, is a major driving force in neurodegenerative processes. However, the exact role of lipid peroxidation remains elusive as reliable real-time detection and quantification of lipid peroxyl radicals proves to be challenging in vitro and in vivo. Motivated by this methodological limitation, we have optimized conditions for real-time imaging and quantification of lipid peroxyl radical generation in primary neuron cultures using the lipophilic fluorogenic antioxidant H 4 BPMHC (8-((6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)-methyl)-1,5-di(3-chloropropyl)-pyrromethene fluoroborate), an α-tocopherol analog probe. By subjecting neurons to different antioxidant conditions in the presence and absence of lipid peroxidation inducing stressors (Haber-Weiss reagents), we maximized H 4 BPMHC sensitivity and confirmed its potential to temporally resolve subtle and marked differences in lipid peroxidation levels in real-time. Herein we report imaging and quantification of homeostatic and induced lipid peroxidation in primary neuron cultures, supporting the use of this probe for investigating healthy and diseased states. Overall these results provide the necessary foundation and impetus towards using H 4 BPMHC for elucidating and mapping lipid peroxyl radical contributions to ROS-associated pathological processes in neurons.
Introduction
Reactive oxygen species (ROS) are key contributors to states of both health and disease [1] . They maintain cell signaling pathways but can also induce or exacerbate pathological processes through oxidative damage. Numerous studies have ascribed oxidative stress as being a major driving force for neurodegenerative diseases including Alzheimer's disease (AD), Parkinson's disease (PD), and amyotrophic lateral sclerosis (ALS) among others [2] [3] [4] [5] . Specifically, lipid peroxidation byproducts have been observed in the brains of individuals with these ailments [6, 7] and may also serve as supplemental biomarkers for AD [8] . However, this only provides a view of downstream effects caused by lipid peroxidation, where direct detection of initial events, the true initiator of pathological cascades, in real time is lacking.
Lipid membranes in neurons are rich in poly-unsaturated fatty acids (PUFAs) containing allylic hydrogen atoms that are particularly vulnerable to attack by ROS, specifically free radicals. PUFA reaction with free radical initiators triggers a lipid autooxidation chain reaction where lipid peroxyl radicals are chain carriers and lipid peroxidation results (Fig. 1A) . Lipid peroxidation modifies lipid bilayers [9] and its side effects, associated to by-products, may also involve damage to proteins and DNA.
Our understanding of lipid peroxidation resulting from lipid peroxyl radical formation at the cellular level is currently limited as reliable, real-time quantification of ROS levels and subsequent oxidative damage in vitro and in vivo is an arduous task [10] . Further, suboptimal experimental conditions easily introduce confounding factors that can increase ROS and oxidative damage or create artifacts that skew results, leading to misguided conclusions [11] . Cell culture is inherently oxygen rich and experimental conditions can lead to ROS generation. Equally important are the effects of antioxidants added to culture media in attempt to minimize effects of the oxygen rich environment.
The recently published fluorogenic antioxidant probe 8-((6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)-methyl)-1,5-di(3-chloropropyl)-pyrromethene fluoroborate (H 4 BPMHC) is a promising experimental tool for studying lipid peroxyl radical levels that overcomes the limitations associated with indirect detection of lipid peroxyl radical formation (Fig. 1B) [12] . H 4 BPMHC is a two-segment trap-reporter probe bearing a BODIPY reporter chromophore and the chromanol ring of α-tocopherol as a trap segment. H 4 BPMHC directly reports through fluorescence emission enhancement on lipid peroxyl radicals, the chain-carrying species of lipid autoxidation, allowing for the spatio-temporal monitoring of lipid peroxidation events in real-time [13, 14] . Characterized in HeLa cells, the high sensitivity of H 4 BPMHC supports detection of subtle changes in lipid peroxidation levels over time under cellular homeostasis using a modest probe concentration of 100 nM, well below concentrations found in neuron culture media and physiological levels in the rat and human brain [15] [16] [17] [18] .
Herein, we report on the application of H 4 BPMHC in primary rat cortical neuron cultures to monitor lipid peroxyl radical formation and the protective role that antioxidant supplements have over time, further characterizing the ideal parameters for maximizing H 4 BPMHC accuracy and sensitivity in this primary neuron system. To assess the probe sensitivity to newly generated lipid peroxyl radicals under a range of antioxidant loads we specifically induced lipid peroxidation using the Haber-Weiss reagents cumene hydroperoxide (100 μM) with copper(II) sulfate (10 μM). To establish subtle changes in lipid peroxyl radical levels associated with the antioxidant load under cellular homeostasis (no inducer of peroxidation), we deprived neurons of antioxidants in the media at different time points during the culturing period prior to imaging. A picture emerges illustrating that neurons consume the antioxidant in the media, where deprivation of antioxidants for one day has a minor impact in the rate of lipid peroxidation yet culturing for five days with no antioxidant results in increased membrane peroxidation.
Our results demonstrate the successful application of H 4 BPMHC in primary neuronal cultures through reliable quantification of lipid peroxyl radicals under varying levels of stress, creating a platform for assessing lipid peroxidation events in real time in vitro. These results lay a foundation for utilizing H 4 BPMHC to detect subtle changes in healthy and disease states in more physiologically relevant cell culture systems ultimately elucidating the role of lipid peroxyl radicals in neurodegeneration.
Methods

Purification of H 4 BPMHC
The compound H 4 BPMHC was synthesized according to previously reported procedures [12] and purified by HPLC as follows: HPLC measurements were carried out on an Agilent Technologies Infinity II 1260 equipped with absorption (G7115A) and fluorescence (G7121B) detectors. A 3 mM solution of the compound was prepared in 45/55 water:acetonitrile. To the H 4 BPMHC sample, the faster-eluting antioxidant 2,2,5,7,8-pentamethyl-6-chromanol (30 mM) was added to prevent oxidation of the stock solution, as well as serve as a scavenger of oxidizing species on the HPLC column. 20 µL injections were purified by HPLC on a ZORBAX RRHD Eclipse Plus Phenyl-hexyl 2.1 × 50 mm (1.8 µm) column (Agilent) by isocratic elution of 45/55 water:-acetonitrile at a flow rate of 1.2 mL min . The absorbance of the eluate was monitored at 254 and 509 nm, and the fluorescence of the eluate was monitored at 520 nm following excitation at 485 nm. H 4 BPMHC devoid of contaminations was collected, and the concentration of the eluate was determined by UV-Vis absorption spectroscopy recorded on a Hitachi U-2800 UV-Vis-NIR spectrophotometer and a 1 cm × 1 cm quartz cuvette. The samples were aliquoted, and the solvent removed under reduced pressure. The samples were stored at −20°C until used. These precautions (solvent free storage at −20°C) were taken to avoid pre-oxidation of the dye. room temperature (RT), washed three times with autoclaved water and stored at 4°until used. Cerebral cortex neurons were isolated from postnatal day (PND) 1 Wistar rats using a protocol modified from Brewer and Torricelli (2007) [19] . Briefly, dissected cerebral cortices were collected on ice in solution containing Hibernate A (with calcium), supplemented with B-27 Supplement (with antioxidants), and L-glutamine (0.5 mM final), termed HABG solution. The tissue was cut into small~1 mm 3 pieces and placed in tubes on ice containing HABG.
Tissue was digested at 30°C for 25 min using papain that was prepared with HA minus calcium incubated at 37°C for 20-30 min, filter sterilized then supplemented with L-glutamine (0.5 mM). After digestion, tissue was triturated with fire polished pipettes, the tissue was allowed to settle, and the supernatant was collected. HABG was added to the tissue, it was triturated and collected again. The combined supernatants were layered onto OptiPrep density gradients prepared that day. The layered gradients were centrifuged (800 g, 15 min, 22°C) and the fraction enriched for neurons was collected in HABG and centrifuged once more (200g, 5 min). The neuronal pellet was resuspended in Neurobasal A media with B-27 Supplement (with antioxidants), 1% penicillin/streptomycin, and L-glutamine (5 mM), and seeded at 32,000 cells cm −2 .
Maintaining primary neurons and antioxidant conditions
All cells were cultured in Neurobasal A media with B-27 Supplement (with antioxidants), 1% penicillin/streptomycin, and L-glutamine (5 mM) up until day in vitro (DIV) 2. At this timepoint, B-27 Supplement minus antioxidant (defined as −AO, lacking vitamin E, vitamin E acetate, superoxide dismutase, catalase, and glutathione) was used for a fraction of the wells until the imaging day on DIV 7 (these cells are referred to as −AO DIV 2). At DIV 6 other wells were then cultured in antioxidant free B-27 (−AO DIV 6) until the imaging day on DIV 7. A third batch of cells remained in Neurobasal A media supplemented with B-27 Supplement until imaging on DIV 7. For reliable comparison between treatments, every dish had cells cultured with antioxidant (+AO) and cells that lacked antioxidant from either DIV 2 or DIV 6 (−AO) (Fig. 2) . To minimize astrocyte proliferation in the cultures they were treated with cytosine arabinoside (AraC) from DIV 2 to 3 (5 µM) which was reduced to (2.5 µM) from DIV 3 to 6.
Microscopy
All fluorescence and differential interference contrast (DIC) imaging was performed using a wide-field microscopy setup consisting of an inverted microscope (Nikon Eclipse Ti) equipped with a Perfect Focus System (PFS) and an air objective. A stage-top incubator (Tokai Hit) was used to maintain the cells at 37°C (5% CO 2 ) in a humidified atmosphere. Switching between DIC and fluorescence channels was done using a motorized filter block turret. The switching time was approximately 2 s. For fluorescence imaging, the diode laser output (405, 488, or 561 nm) of a laser combiner (Agilent Technologies, MLC-400B) was passed through a multiband clean-up filter and coupled into the microscope objective using a multiband beam splitter. Fluorescence was spectrally filtered with an emission filter. The optical configurations for the specific fluorophores are given in Table 1 .
Imaging lipid peroxidation with H 4 BPMHC
Neurons regardless of their treatment were imaged on DIV 7. Each ibidi dish was imaged as follows: The culture media was removed, and the cells were washed with Live Cell Imaging Solution (LCIS) (ThermoFisher Scientific, A14291DJ). LCIS does not contain phenol red or added metal ions, avoiding potential interferences. This choice of media further ensures a stable pH even outside of a CO 2 atmosphere. 200 µL of LCIS was added to each well and an image was acquired for each imaged region (488 nm excitation, 300 ms exposure, 0.1 mW power), to establish the autofluorescence of the neurons in that region. 100 µL of H 4 BPMHC (300 nM stock in 1% DMSO in LCIS) was then added to each well and incubated for 10 min for the probe to partition into the neurons (the final concentration of H 4 BPMHC was 100 nM in 0.33% DMSO). Following this initial incubation, the solution containing the probe was then removed, and the neurons were washed with LCIS before fresh LCIS (200 µL) was added. H 4 BPMHC was allowed to equilibrate (partition out of the neurons) for an additional 10 min before the start of image acquisition.
The H 4 BPMHC-stained neurons were then spiked with a 100 µL volume of either LCIS (non-stressed condition) or a chemical cocktail (stressed condition) consisting of cumene hydroperoxide (300 µM) with copper(II) sulfate (30 µM)) in LCIS to induce lipid peroxidation through Haber-Weiss chemistry. The final concentration of cumene hydroperoxide and copper(II) sulfate was 100 µM and 10 µM, respectively. Two regions per well were imaged every 3 min over the course of 60 min (488 nm excitation, 300 ms exposure, 0.1 mW power). Following completion of the H 4 BPMHC experiment, a subset of wells from each condition were labelled with 1 μM ethidium homodimer-1 (ThermoFisher Scientific, E1169) for 20 min to ensure viability and imaged (300 ms exposure, 0.1 mW power). Remaining wells were then fixed as described below.
Immunocytochemistry
Astrocyte Content: On DIV 7, following imaging, neurons were washed with phosphate buffered saline (PBS) then fixed with 4% paraformaldehyde for 12 min. After more PBS wash steps, to detect contaminating astrocytes, neurons were incubated with primary antibody against GFAP (glial fibrillary acidic protein) (abcam, ab33922; 1:10,000) overnight at 4°C, then for 2 h RT with goat-anti-rabbit Alexa Fig. 2 . Experimental design. Primary cortical neurons (cerebral cortex mantle highlighted in brown) were isolated from PND 1 rat pups from two separate litters and cultured in three different antioxidant conditions up until the imaging day DIV 7. The antioxidant conditions were altered by using B-27 Supplement containing the five antioxidants listed on the left portion of the scheme, or by using B-27 Supplement minus AO, lacking these components. The conditions were as follows: (1) +AO or with antioxidants (2) −AO DIV 6, deprived of antioxidants since DIV 6 or 1 day before imaging and (3) −AO DIV 2, deprived of antioxidants since DIV 2. On DIV 7 neurons were imaged in the presence (stressed) or absence (non-stressed) of Haber-Weiss reagents (100 μM cumene hydroperoxide + 10 μM copper(II) sulfate).
Fluor 594 (1:1000) secondary antibody (ThermoFisher Scientific, A11037) followed by DAPI for 5 min for nuclei identification.
Neuron and Astrocyte Content: To avoid H 4 BPMHC interference with green fluorescent secondary antibody, a separate ibidi dish containing neurons that underwent the same antioxidant pre-treatments and that were not imaged with H 4 BPMHC was immunostained on DIV 7 with both β-III-Tubulin primary antibody (1:2000) for neurons (Promega, G7129) and GFAP (1:10,000) overnight at 4°C. Secondary antibodies were added for 2 h RT including goat-anti-rabbit Alexa Fluor 594 at 1:1000 and goat-anti-mouse Alexa Fluor 488 at 1:800 (ThermoFisher Scientific, A11029) followed by DAPI for 5 min. Two image regions per well were taken. Control experiments were performed separately to ensure reliable detection of desired antigens. These included labelling in the absence of primary antibodies or with one primary antibody and both secondary antibodies.
Data analysis
All microscopy images were processed using FIJI image processing package [20] .
To quantify the fluorescence of H 4 BPMHC, a FIJI macro was developed to calculate single-neuron corrected total cell fluorescence (CTCF) vs. time trajectories [12] . For each frame, the CTCF was calculated as follows:
where RawIntDen neuron is the raw integrated density of the pixels within a region of interest (ROI) containing the neuron, Area neuron in pixels of the ROI, and BkgFluorescence is the averaged mean gray values of three nearby 8-pixel by 8-pixel regions containing no cells. The CTCF-time trajectories were corrected by subtracting the CTCF value of autofluorescence acquired prior to H 4 BPMHC staining.
To determine the distribution of the data, initial fluorescence CTCF values were compiled across antioxidant conditions and treatments and the D′Agostino and Pearson omnibus normality test was performed (GraphPad Prism Software), accounting for skewness and kurtosis. Data was then transformed to logarithms (Fig. S5 ) and tested again for normality. The extreme studentized deviate (ESD) outlier test was performed and indicated no presence of outliers. Geometric averages of CTCF values in each group (+AO non-stressed, +AO stressed, −AO DIV 6 non-stressed, −AO DIV 6 stressed, −AO DIV 2 non-stressed, and −AO DIV 2 stressed) were calculated and presented.
The CTCF vs. time trajectories for cells of each condition (antioxidant and Haber-Weiss reagent exposure) across biological and technical replicates were averaged geometrically to plot changes in fluorescence over time (Fig. 4A ).
Results and discussion
Towards our goal of measuring neuronal lipid peroxyl radical levels using the probe H 4 BPMHC we first established enriched neuron cultures from PND 1 rat cerebral cortices using a modified protocol from Brewer and Torricelli (2007) [19] . Immunocytochemistry experiments were used to verify neuronal content at the DIV 7 time point when the cells were imaged. Immunostaining with GFAP (astrocytes) and β-IIItubulin (neurons) showed minimal astrocyte contamination (< 1%, Supplementary Fig. S1 ) allowing for assessment of solely neuronal lipid peroxyl radical levels.
To visualize the rates of lipid peroxyl radical production in the neuron cultures, on DIV 7 the cultures were incubated with 100 nM of the fluorogenic antioxidant H 4 BPMHC in Live Cell Imaging Solution (LCIS) without serum or supplements to ensure maximal probe partitioning [12] . Serums and supplement components commonly used in cell culture media, such as serum albumins can bind BODIPY dyes [21] . In our initial report, we have shown that serum supplements compete with cellular membranes for H 4 BPMHC, thus hindering probe partitioning into cells [12] . By excluding these components from the imaging solution, a short partition-in time of 10 min was possible, further reducing any masking reactions that may take place during incubation periods. To modulate the antioxidant load, neurons were cultured under three different conditions where antioxidants were either kept (+AO) or removed at DIV 2 (−AO DIV 2) or DIV 6 (−AO DIV 6) (Fig. 2) . This was done by utilizing either B-27 Supplement containing vitamin E, vitamin E acetate, superoxide dismutase, catalase, and glutathione or B-27 minus AO which lacks these antioxidants (while the precise concentrations of these antioxidants in B-27 Supplement are proprietary, they have been estimated [16] to be similar to that reported for the B-18 Supplement also developed by Brewer et al. (1989) which contains: 2.3 µM vitamin E, 2.1 µM vitamin E acetate, 0.077 µM superoxide dismutase, 0.010 µM catalase, and 3.2 µM glutathione [15] ). This method of early antioxidant removal in primary cortical neuron cultures was validated by Perry et al. who showed that antioxidants are only required for the first 24 h of culturing [22] .
To image neurons under stressed and non-stressed conditions, they were either treated with Haber-Weiss reagents to induce high levels of oxidative stress via lipid peroxyl radical generation, or without this chemical insult, mimicking conditions of cellular homeostasis. Lipid peroxidation was induced in half of the wells (stressed) by the addition of cumene hydroperoxide (100 µM) with copper(II) sulfate (10 µM).
Results were compared to those from wells not treated with HaberWeiss reagents (non-stressed). The cells were imaged for 60 min in both cases. The resulting fluorescence images are shown in Fig. 3 and Supplementary Video S1.
Supplementary material related to this article can be found online at doi:10.1016/j.freeradbiomed.2018.11.019. Qualitatively, we observed a small change in H 4 BPMHC fluorescence intensity over time in the non-stressed neurons. A slight increase in fluorescence was thus observed in neurons that lacked the B-27 antioxidants since DIV 2 (−AO DIV 2), when compared to those with antioxidants for the entire culturing period (+AO) and those that lacked antioxidants since DIV 6 (−AO DIV 6) (Fig. 3) . These changes were more prominent to the naked eye in processes than in neuronal cell bodies.
For neurons treated with Haber-Weiss reagents, changes in emission intensity over time were prominent. These neurons underwent a significantly greater increase in fluorescence intensity over time compared to non-stressed samples, with marked differences in H 4 BPMHC fluorescence between all three antioxidant conditions. Neurons that lacked the B-27 antioxidants since DIV 6 were noticeably brighter than those with antioxidants the entire culturing period. Neurons cultured without antioxidants since DIV 2 exhibited the largest fluorescence enhancement indicating a greater sensitivity to the chemically induced lipid peroxyl radicals. Both neuronal cell bodies and processes exhibited enhancements in fluorescence intensity. In all three antioxidant conditions, the maximum intensity was achieved at 33-min, which corresponded to the onset of membrane blebbing in the DIC images (Fig. S2) . We posit that blebbing is a marker of cell death, and following this point, no significant lipid peroxyl radical formation was observed. This blebbing was not seen in the non-stressed neurons even after the 60 min.
To verify that the non-stressed neurons maintained viability for the entire 60-min imaging session, we stained with ethidium homodimer-1 (EthD-1) after the imaging with H 4 BPMHC was complete (Fig. S3) . Fig. 3 . Representative fluorescent images of cortical neurons across the three antioxidant conditions. Images of DIV 7 neurons in the presence of 100 nM H 4 BPMHC acquired at 0 and 33 min following treatment with (Stressed) and without (Non-Stressed) cumene hydroperoxide (100 µM) and copper(II) sulfate (10 µM) to induce lipid peroxidation. Images were acquired via widefield microscopy with 20× magnification. The excitation wavelength was 488 nm (0.1 mW) and the fluorescence emission was spectrally filtered with a ZET480/640m emission filter. Inset shows compressed DIC images for the same region. Scale bars are 50 µm.
EthD-1 is a marker for non-viable cells and exhibits fluorescence only in dead or dying cells. For all antioxidant conditions, the non-stressed neurons in the absence of Haber-Weiss reagents remained viable as judged from the outcome of EthD-1 imaging experiments. While some labelling was visible in cells, or cell fragments, these are likely from astrocytes impacted by culturing in the presence of cytosine arabinoside (AraC), where no labelling was recorded in the neurons selected for analysis.
Following our qualitative analysis, to quantify the fluorescence signal overt time within individual neurons, and in turn the load of lipid peroxyl radicals, single neuron corrected total cell fluorescence (CTCF) (Eq. (1)) vs time trajectories were calculated from the fluorescence movies (Fig. S4) . Here we measured CTCF from neuronal cell bodies, where each neuron intensity-time trajectory was corrected for local changes in the background. Additionally, the CTCF value for each neuron was corrected for autofluorescence. This type of cell-by-cell analysis allowed us to avoid debris etc., and further allowed for screening of any subpopulations or outlier neurons within each experimental condition (Fig. S5) .
To assess the statistical distribution of the single-neuron fluorescence trajectories we recorded, a histogram was constructed using the CTCF value at 0-min from every neuron trajectory, for neurons across all conditions (Fig. S6A ). This histogram of initial CTCF values exhibited a non-gaussian distribution (p < 0.0001), the data instead was consistent with a Log-normal distribution (p = 0.8239) (Fig. S6B) [23] . Given this result, the geometric averages were calculated from the neuron CTCF-time trajectories, for each culture condition (antioxidant and Haber-Weiss reagents exposure).
Consistent with the qualitative observations, drastic quantitative differences in fluorescence (CTCF) values, indicative of lipid peroxyl radical levels, were observed between antioxidant conditions when neurons were in the presence of Haber-Weiss reagents (Fig. 4A) . Neurons that lacked the B-27 antioxidants since DIV 6 had elevated CTCF values compared to those with antioxidants the entire culturing period, whereas those without antioxidants since DIV 2 exhibited the sharpest increase and highest CTCF values overall (Fig. 4A) . The CTCFs of all cells in the presence of Haber-Weiss reagents eventually plateaued at the 33-min time point (Fig. 4A) .
To assess antioxidant consumption during the culturing period leading up to DIV 7, the maximal CTCF values at 33-min were plotted against DIV without supplement antioxidants (i.e. DIV 2 corresponds to five days without supplement), (Fig. 5 ). The maximal signal of H 4 BPMHC reflects the competition of the probe with the cellular antioxidant reserves for the generated lipid peroxyl radicals. The resulting graph showed a correlation where longer periods without antioxidants resulted in higher cell fluorescence intensities (r 2 = 0.991). The linear trend reflected the gradual consumption of supplement antioxidants over time in culture. This led to diminished antioxidant reserve in the cells and higher sensitivity of H 4 BPMHC to the chemically induced lipid peroxyl radicals. Importantly, while H 4 BPMHC could successfully detect large changes in lipid peroxyl radical levels in stressed neurons, subtle changes in CTCF were observed between non-stressed neurons across the antioxidant conditions. To tease apart these differences, we calculated the change in CTCF values in the non-stressed neurons (Fig. 4B ). An initial decrease in CTCF fluorescence was observed at early time points, arising from some probe partitioning out of the neurons due to the change of buffer volume at the beginning of the experiment (while no Haber-Weiss reagents were added, a volume of LCIS was added to maintain a consistent concentration of probe compared to the HaberWeiss experiments). Importantly, while the neurons with antioxidants over the entire culturing period showed no intensity enhancement at later time points, neurons that lacked B-27 antioxidants showed a steady increase in intensity that, while within the 95% confidence intervals, points to an increased level of lipid peroxyl radical generated under cellular homeostasis. We observed that the inflection point where intensity goes from decreasing to increasing for −AO DIV 2 neurons occurred much earlier than for −AO DIV 6 neurons, where intensity remained flat for +AO. The early removal of antioxidants for DIV 2 samples allowed for detecting subtle levels of lipid peroxyl radical generation that appeared to be masked in the +AO condition. The −AO DIV 6 neurons did exhibit a slight increase above the +AO condition towards the end of the imaging session, although this occurred much later than the −AO DIV 2 neurons.
Reflecting both elevated levels of lipid peroxyl radicals (stressed conditions) and decreased antioxidant load, these results highlighted the importance of testing antioxidant removal before oxidative stress measurements. Our results under non-stressed conditions also illustrate that subtle levels of lipid peroxyl radical production under homeostasis may be detected in neurons. These latter set of results highlight the potential for resolving small changes in the rates of lipid peroxyl radical generation, that may prove essential in studying differences between healthy and diseased neurons, circumstances where we believe these small differences will be exacerbated and thus able to be detected with H 4 BPMHC.
Conclusions
Lipid peroxidation is known to play an important role in neurodegenerative diseases. Successfully imaging and quantifying the formation of lipid peroxyl radicals in vitro and in vivo will enable a better understanding of pathogenic mechanisms induced or exacerbated by lipid peroxidation. Towards this goal, we have created a platform for assessing lipid peroxidation events in enriched primary neuron cultures with the lipophilic probe H 4 BPMHC, to monitor the temporal evolution of lipid peroxyl radicals and the protective role that antioxidant supplements have on the cultures. Through careful control of cell culture, imaging, and analysis methodologies, we have described ideal parameters for maximizing H 4 BPMHC accuracy and sensitivity in this primary neuron system. Our results show that H 4 BPMHC successfully detected differences in lipid peroxyl radical levels between antioxidant conditions in the presence of induced lipid peroxidation (Haber-Weiss reagents), or under cellular homeostasis. The latter supports potential for studying healthy and diseased neurons where differences may be small but exaggerated relative to homeostatic processes. This work ultimately lays the foundation for utilizing H 4 BPMHC for the real-time detection of elusive lipid peroxyl radicals in neurodegenerative diseases.
